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Problem to be solved: To improve a signal transmission 
rate by enhancing a processing speed of a frequency offset 
detection circuit. 

Solution: A phase information generator 109 detects a 
phase difference depending on a quadrant to which a 
phase discriminated by an absolute value of a common- 
mode component and an absolute value of a quadrature 
component of a received signal before FFT processing 
belongs and calculates a frequency offset by subtracting 
phase information of the received signal from phase 
information of one preceding symbol. The frequency 
offset can be compensated by using a frequency offset 
calculated without multiplication processing. 



[Claims] 

[Claim 1] An OFDM receiver including a difference 
detection means that carries out quadrature modulation 
and detects a difference of an absolute value of an in- 
phase component of an input signal of an OFDM system, 
and an absolute value of a quadrature component, a 
quadrant judging means that judges a quadrant to which a 
phase of an input signal in an orthogonal plane belongs 
based on an output of this difference detection means, a 
phase detecting means that detects a phase of the 
mentioned above input signal from an output of the 
mentioned above difference detection means and an 
output of the mentioned above quadrant judging means, a 
frequency offset detection means to carry out subtraction 
treatment of a detected phase and the phase that delayed a 
detected phase by the predetermined symbol and to detect 
a frequency offset, and a frequency offset compensation 
means that performs frequency offset compensation to the 
mentioned above input signal using a detected frequency 
offset. 

[Claim 2] The OFDM receiver according to claim 1 , 
characterized by that the mentioned above frequency 
offset detection means has an equalizing section that 
equalizes a computed frequency offset. 
[Claim 3] The OFDM receiver according to claim 2, 
characterized by that the mentioned above equalizing 
section carries out equalizing processing only of the phase 
of an input signal with a larger receiving level than 
arbitrary constant value. 
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[Claim 4] The OFDM receiver according to claim 2 or 3, 
characterized by that the mentioned above equalizing 
section carries out equalizing processing only of the 
frequency offset that exceeds arbitrary constant value out 
of a computed frequency offset. 

[Claim 5] The OFDM receiver according to claims 1-4, 
characterized by that the mentioned above phase detecting 
means has a thinning part that reduces a sampling number 
of an in-phase component of an input signal after 
unnecessary frequencies ingredient removal and a 
quadrature component. 

[Claim 6] The OFDM receiver according to claim 2 
including a serial- parallel conversion part that changes an 
in-phase component and a quadrature component of an 
input signal into a plural series signal, respectively, a 
phase detecting means for in-phase components and a 
phase detecting means for quadrature components. 

[Claim 7] The OFDM receiver according to claim 2, 
characterized by that the mentioned above phase detecting 
means identifies a channel of an input signal and 
incorporates only a signal of a specific channel. 

[Claim 8] The OFDM receiver according to claims 2-7 
not using a value of the mentioned above present 
frequency offset for equalizing processing when this 
subtraction result exceeds arbitrary constant value, the 
mentioned above equalizing section carries out 
subtraction treatment of a value of the present frequency 
offset and the value of a frequency offset in fi*ont of 1 
symbol. 
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[Claim 9] A base station device possessing the OFDM 
receiver according to claims 1-8. 
[Claim 10] A communication terminal device possessing 
the OFDM receiver according to claims 1-9. 
[Claim 1 1] An OFDM receiving method including a 
difference detection process of quadrature modulation and 
detecting a difference of an absolute value of an in-phase 
component of an input signal of an OFDM system, and an 
absolute value of a quadrature component, a quadrant 
determination process that judges a quadrant to which a 
phase of an input signal in an orthogonal plane belongs 
based on an output of this difference detection means, a 
phase detection process of detecting a phase of the 
mentioned above input signal from an output of the 
mentioned above difference detection process, and an 
output of the mentioned above quadrant determination 
process, a frequency offset detection process that carries 
out subtraction treatment of a detected phase and the 
phase that delayed a detected phase by the predetermined 
symbol and detects a frequency offset and a frequency 
offset compensation process of performing frequency 
offset compensation to the mentioned above input signal 
using a detected frequency offset. 

[Claim 12] The OFDM receiving method according to 
claim 11, characterized by that the mentioned above 
frequency offset detection process has the equalization 
process of equalizing a computed frequency offset. 

[Claim 13] The OFDM receiving method according to 
claim 12, characterized by that the mentioned above 
equalization process carries out equalizing processing 
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only of the phase of an input signal with a larger receiving 
level than arbitrary constant value. 
[Claim 14] The OFDM receiving method according to 
claim 12 or 13, characterized by that the mentioned above 
equalization process carries out equalizing processing 
only of the frequency offset that exceeds arbitrary 
constant value out of a computed frequency offset. 
[Claim 15] The OFDM receiving method according to 
claims 11-14, characterized by that the mentioned above 
phase detection process reduces a sampling number of an 
in-phase component of an input signal after unnecessary 
frequencies ingredient removal and a quadrature 
component using an thinning circuit. 

[Claim 16] The OFDM receiving method according to 
claim 12 including a serial-parallel conversion process of 
changing an in-phase component and a quadrature 
component of an input signal into a plural series signal, 
respectively, a phase detection process for in-phase 
components and a phase detection process for quadrature 
components. 

[Claim 17] The OFDM receiving method according to 
claim 12, characterized by that the mentioned above phase 
detection process identifies a channel of an input signal 
and incorporates only a signal of a specific channel. 
[Claim 18] The OFDM receiving method according to 
claims 12-17 not using a value of the mentioned above 
present frequency offset for equalizing processing when 
this subtraction result exceeds arbitrary constant value, the 
mentioned above equalization process carries out 
subtraction treatment of a value of the present frequency 
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offset and the value of a frequency offset in front of 1 
symbol. 

[Detailed description of the invention] 

[0001] 

[Field of the invention] This invention relates to the 
receiver used for the mobile communications of an 
OFDM system. 
[0002] 

[Description of the Prior Art] The receiver (OFDM 
receiver) used for the mobile communications of the 
conventional OFDM system is explained using drawing 
25 and drawing 26. Drawing 25 is an important section 
block diagram showing the outline composition of the 
conventional OFDM receiver. Drawing 26 is a mimetic 
diagram of the frame format in the radio of an OFDM 
system. 

[0003] First, the composition of a device is conventionally 
explained using drawing 25. The orthogonal detector 2501 
is controlled by the local signal that the oscillator device 
2513 mentioned below outputs and performs orthogonal 
detection processing to the inputted input signal with it. 
The analog low pass filters (LPF) 2502, 2503 remove an 
unnecessary frequencies ingredient. A/D converters 2504, 
2505 change the inputted analog signal into a digital 
signal. 

[0004] The Fourier transform (below Fast Fourier 
Transform, FFT) circuit 2506 performs FFT processing to 
an input signal and the delay detector 2507 performs delay 
detection processing to the inputted signal. The judging 
device 2508 judges a delay detection signal. 
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[0005] The inputted signal is delayed and the delay 
devices 2509, 2510 output it. The complex multiplier 
25 11 performs complex multiplication. This complex 
multiplication is mentioned below. The memory 2512 
stores the output of the complex multiplier 25 1 1 and the 
oscillator 2513 outputs the local signal amended by the 
output of the complex multiplier 25 11 . 
[0006] Next, operation of a device is explained 
conventionally. The orftiogonal detector 2501 performs 
orthogonal detection processing to an input signal and 
acquires the baseband signal that is an analog signal. This 
baseband signal is removed by LPF 2502, 2503 in an 
unnecessary frequencies ingredient, is changed into a 
digital signal by A/D converters 2504, 2505 and turns into 
a digital base band signal. 

[0007] The signal with which FFT processing was 
performed by FFT circuit 2506 and the digital base band 
signal was assigned to each subcarrier is acquired. Delay 
detection processing is performed by the delay detector 
2507, a judgment is performed by the judging device 2508 
and a demodulation signal is acquired. 
[0008] By the way, in the mobile communications of an 
OFDM system, since receiving characteristic degradation 
that makes a frequency offset a cause is very large, 
frequency offset compensation is needed. Next, frequency 
offset compensation is explained. 
[0009] In the mobile communications of an OFDM 
system, generally, as shown on drawing 26, the same 
waveform as the back part of each symbol is inserted as a 
guard interval at the head of each symbol. 
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Generally, a frequency offset is detected using the guard 
interval that is this known symbol. 
[0010] First, it receives without the signal from which 
only one symbol delayed the signal before FFT processing 
and the signal before FFT processing with the delay 
devices 2509, 2510 and the complex multiplier 25 11 
performs complex multiplication expressed with a 
following formula. 
[Formula 1] 



here, R (nT) expresses phase information, D (nT) 
expresses an input signal, Ts expresses symbol length, Tg 
expresses guard interval length and T expresses a 
sampling period, respectively, n 1, 2 ... is taken. 
[001 1] Since the phase will rotate only 2 p? fTs if a guard 
interval is compared with the back part of a valid symbol 
when frequency offset deltaf exists, a following formula is 
realized. 

R(nT) =|R(nT) | , exp (2gl fTs) - 2 
Thus using frequency offset ? f, phase rotation 2p? fTs 
between one symbols required for frequency offset 
compensation can be calculated from formula 2. 
[0012] Without using a guard interval, detection of 
frequency offset ? f may insert the same symbol as a phase 
reference symbol required for differentially coherent 
detection in the head of each burst, for example, and may 
detect it from the complex multiplication result of a phase 
reference symbol and the same symbol. 
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[0013] Thus, in the complex multiplier 251 1, complex 
multiplication of the signal before FFT processing and the 
signal with which only one symbol delayed the signal 
before FFT processing is carried out, and the phase 
information R (nT) that is the result is stored in the 
memory 2512, The phase information R (nT) is 
substituted for formula 2 with frequency offset ? f, and 
phase rotation 2p? fTs is obtained. 
[0014] The oscillator 2513 outputs the local signal that 
frequency offset compensation gave based on phase 
rotation 2p? fTs to the orthogonal detector 2501 . When 
the orthogonal detector 2501 controlled by the local signal 
generated in this way performs orthogonal detection 
processing, frequency offset compensation is made. 
[0015] Thus, the conventional OFDM receiver has 
prevented receiving characteristic degradation that makes 
a frequency offset a cause. 
[0016] 

[Problems to be solved by the invention] However, there 
are the following problems in the conventional device. 
Namely, since rate- limiting of the processing speed of a 
frequency offset detection circuit is carried out to 
processing of a multiplier with slow processing speed, 
conventionally the frequency offset detection circuit of a 
device that takes the composition using a multiplier, it is 
difficult to achieve improvement in the speed of 
processing speed. 

[0017] This invention is made in view of this point. The 
purpose is to provide the OFDM receiver that raised the 
processing speed and raised signal-transmission speed. 
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[0018] 

[Means for solving the problem] By a quadrant to which a 
phase judged from an absolute value of an in-phase 
component of an input signal and an absolute value of a 
quadrature component belongs, a main point of this 
invention changes phase contrast and computes phase 
information of an input signal simply, it is performing 
frequency offset compensation using a frequency offset 
that computed a frequency offset and was computed in 
this way by performing subtraction with phase 
information of this input signal and phase information in 
front of 1 symbol. 
[0019] 

[Embodiment of the invention] The OFDM receiver 
according to the 1st mode of this invention, the difference 
detection means that caries out quadrature modulation and 
detects the difference of the absolute value of the in-phase 
component of the input signal of an OFDM system and 
the absolute value of a quadrature component, the 
quadrant judging means that judges the quadrant to which 
the phase of the input signal in an orthogonal plane 
belongs based on the output of this difference detection 
means, the phase detecting means that detects the phase of 
the mentioned above input signal from the output of the 
mentioned above difference detection means and the 
output of the mentioned above quadrant judging means, a 
frequency offset detection means to carry out subtraction 
treatment of the detected phase and the phase that delayed 
the detected phase by the predetermined symbol and to 
detect a frequency offset, the composition possessing the 
frequency offset compensation means that performs 
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frequency offset compensation to the mentioned above 
input signal using the detected frequency offset is taken. 
[0020] It detects by judging the quadrant to which the 
subtraction treatment and the phase of the absolute value 
of I ingredient of an input signal and the absolute value of 
Q component belong when detecting the frequency offset 
of an input signal according to this composition, that is, 
since multiplication processing is not used only using 
subtraction treatment, an operation amount required for 
frequency offset detection can be reduced, processing 
speed can be increased and the signal-transmission speed 
of an OFDM receiver can be increased as a result. 
[0021] The OFDM receiver according to the 2nd mode of 
this invention takes the composition that has an equalizing 
section that equalizes the frequency offset that computed 
the mentioned above frequency offset detection means in 
the 1st mode. 

[0022] Since a phase error is removable from the 
frequency offset to detect according to this composition, 
the detecting accuracy of a frequency offset is raised. 
[0023] The OFDM receiver according to the 3rd mode of 
this invention takes the composition to which the 
mentioned above equalizing section carries out equalizing 
processing only of the phase of a larger input signal than 
constant value with an arbitrary receiving level in the 2nd 
mode. 

[0024] According to this composition, since a frequency 
offset in case the receiving level of an input signal is less 
than a threshold judges it as a thing including an error and 
it is made not to include in equalizing processing, it can 
raise the detecting accuracy of a frequency offset. 
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[0025] The OFDM receiver according to the 4th mode of 
this invention takes the composition that carries out 
equalizing processing only of the frequency offset that 
exceeds arbitrary constant value out of the frequency 
offset by which the mentioned above equalizing section 
was computed in the 2nd mode or 3rd mode. 
[0026] According to this composition, since the frequency 
offset that is less than a threshold judges it as a thing 
including an error and it is made not to include in 
equalizing processing, it can raise the detecting accuracy 
of a frequency offset. 

[0027] In either of the 1st mode to the 4th mode, as for the 
OFDM receiver according to the 5th mode of th is 
invention, the mentioned above phase detecting means 
takes the composition in which it has a thinning part that 
reduces the sampling number of the in-phase component 
and a quadrature component of the input signal after 
unnecessary frequencies ingredient removal. 
[0028] According to this composition, since a sampling 
frequency is reduced, signal processing can be 
accelerated. 

[0029] The OFDM receiver according to the 6th mode of 
this invention takes the composition that has a serial- 
parallel-conversion part that changes the in-phase 
component and quadrature component of an input signal 
into a plural series signal, respectively, a phase detecting 
means for in-phase components and a phase detecting 
means for quadrature components in the 2nd mode. 
[0030] According to this composition, since frequency 
offset detection can be performed by parallel processing, a 
signal processing speed can be accelerated. 
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[0031] The OFDM receiver according to the 7th mode of 
this invention takes the composition that the mentioned 
above phase detecting means identifies the channel of an 
input signal and incorporates only the signal of a specific 
channel in the 2nd mode. 

[0032] According to this composition, since only the 
signal of a specific channel is used for phase detection, the 
signal quantity to process can become less and processing 
speed can be made to be able to accelerate, and power 
consumption can be reduced too. 
[0033] The OFDM receiver according to the 8th mode of 
this invention, in either of the 2nd mode to the 7th mode, 
the mentioned above equalizing section carries out 
subtraction treatment of the value of the present frequency 
offset and the value of the frequency offset in front of 1 
symbol and when this subtraction result exceeds arbitrary 
constant value, it takes the composition that does not use 
the value of the mentioned above present frequency offset 
for equalizing processing. 

[0034] According to this composition, since the frequency 
offset in which the value is decreasing greatly as 
compared with the frequency offset in front of 1 symbol 
judges it as the thing include the error and is not used for 
equalizing processing, it can raise the detecting accuracy 
of a frequency offset. 

[0035] The base station device according to the 9th mode 
of this invention takes the composition possessing the 
OFDM receiver in either of the 1 st mode to the 8th mode. 
[0036] According to this composition, signal- transmission 
speed can be raised in transmission and reception of an 
OFDM system. 
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[0037] The communication terminal device according to 
the 10th mode of this invention takes the composition 
possessing the OFDM receiver in either of the 1st mode to 
the 9th mode. 

[0038] According to this composition, signal- transmission 
speed can be raised in transmission and reception of an 
OFDM system. 

[0039] The OFDM receiving method according to the 
11 th mode of this invention includes the difference 
detection process of quadrature modulation and detection 
of the difference of the absolute value of the in-phase 
component of the input signal of an OFDM system and 
the absolute value of a quadrature component, the 
quadrant determination process that judges the quadrant to 
which the phase of the input signal in an orthogonal plane 
belongs based on the output of this difference detection 
means, the phase detection process of detecting the phase 
of the mentioned above input signal from the output of the 
mentioned above difference detection process and the 
output of the mentioned above quadrant determination 
process, the frequency offset detection process that carries 
out subtraction treatment of the detected phase and the 
phase that delayed the detected phase by the 
predetermined symbol and detects a frequency offset and 
the frequency offset compensation process of performing 
frequency offset compensation to the mentioned above 
input signal using the detected frequency offset. 
[0040] It detects by judging the quadrant to which the 
subtraction treatment and the phase of the absolute value 
of I ingredient of an input signal and the absolute value of 
Q component belong when detecting the frequency offset 
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of an input signal according to this method, that is, since 
multiphcation processing is not used only using 
subtraction treatment, an operation amount required for 
frequency offset detection can be reduced, processing 
speed can be increased and the signal-transmission speed 
of an OFDM receiver can be increased as a result. 
[0041] It was made for the OFDM receiving method 
according to the 12th mode of this invention to have the 
equalization process of equalizing the frequency offset 
that computed the mentioned above frequency offset 
detection process, in the 1 1th mode. 
[0042] Since a phase error is removable from the 
frequency offset to detect according to this method, the 
detecting accuracy of a frequency offset is raised. 
[0043] The OFDM receiving method according to the 
13 th mode of this invention was made to carry out 
equalizing processing only of the phase of an input signal 
with the mentioned above larger equalization process than 
constant value with an arbitrary receiving level in the 12th 
mode. 

[0044] According to this method, since a frequency offset 
in case the receiving level of an input signal is less than a 
threshold judges it as a thing including an error and it is 
made not to include in equalizing processing, it can raise 
the detecting accuracy of a frequency offset. 
[0045] The OFDM receiving method according to the 
14th mode of this invention was made to carry out 
equalizing processing only of the frequency offset that 
exceeds arbitrary constant value out of the frequency 
offset by which the mentioned above equalization process 
was computed in the 12th mode or 13th mode. 



15 



[0046] According to this method, since the frequency 
offset that is less than a threshold judges it as a thing 
including an error and it is made not to include in 
equalizing processing, it can raise the detecting accuracy 
of a frequency offset. 

[0047] As for the mentioned above phase detection 
process, the OFDM receiving method according to the 
15th mode of this invention reduced the sampling number 
of the in-phase component of the input signal after 
unnecessary frequencies ingredient removal and the 
quadrature component in either of the 1 1th mode to the 
14th mode using the thinning circuit. 
[0048] According to this method, since a sampling 
frequency is reduced, signal processing can be 
accelerated. 

[0049The OFDM receiving method according to the 16th 
mode of this invention has the serial-parallel-conversion 
process of changing the in-phase component and 
quadrature component of an input signal into a plural 
series signal, respectively, a phase detection process for 
in-phase components and a phase detection process for 
quadrature components, in the 12th mode. 
[0050] According to this method, since frequency offset 
detection can be performed by parallel processing, a 
signal processing speed can be accelerated. 
[0051] In the 12th mode, the mentioned above phase 
detection process identifies the channel of an input signal 
and the OFDM receiving method according to the 17th 
mode of this invention incorporated only the signal of the 
specific channel. 



16 



[0052] According to this method, since only the signal of 
a specific channel is used for phase detection, the signal 
quantity to process can become less and processing speed 
can be made to be able to accelerate, and power 
consumption can be reduced too. 
[0053] The OFDM receiving method according to the 
18th mode of this invention, the mentioned above 
equalization process carried out subtraction treatment of 
the value of the present frequency offset and the value of 
the fi"equency offset in front of 1 symbol and when this 
subtraction result exceeded arbitrary constant value, it was 
kept from using the value of the mentioned above present 
frequency offset for equalizing processing in either of the 
12th mode to the 17th mode. 

[0054] According to this method, since the frequency 
offset in which the value is decreasing greatly as 
compared with the frequency offset in front of 1 symbol 
judges it as the thing include the error and is not used for 
equalizing processing, it can raise the detecting accuracy 
of a frequency offset. 

[0055] Next, an embodiment of the invention is described 

in details with reference to drawings. 

[0056] (1st embodiment) The 1st embodiment of the 

invention is described using drawing 1 - drawing 3. 

Drawing 1 is an important section block diagram showing 

the outline composition of the OFDM receiver according 

to the 1st embodiment of the invention. 

[0057] First, the composition of the OFDM receiver 

applied to this embodiment using drawing 1 is explained. 

The orthogonal detector 101 is controlled by the local 

signal that the oscillator 112 mentioned later outputs and 
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performs orthogonal detection processing to the inputted 
input signal with it. LPF 102, 103 removes an unnecessary 
frequencies ingredient. A/D converters 104, 105 change 
the inputted analog signal into a digital signal. 
[0058] FFT circuit 106 performs FFT processing to an 
input signal and the delay detector 107 performs delay 
detection processing to the inputted signal. The judging 
device 108 judges a delay detection signal. 
[0059] The phase information generator 109 generates the 
phase information of the inputted signal. Next, the 
composition of this phase information generator 109 is 
explained in full details. The subtractor 110 is 1 symbol 
about the signal into which subtraction treatment of two 
inputted signals was carried out, and the delay device 111 
was inputted. The oscillator 112 outputs the local signal 
amended by the phase contrast that is an output of the 
subtractor 110. 

[0060] Next, operation of the OFDM receiver according 
to this embodiment is explained. First of all, the operation 
about a recovery is described. The orthogonal detector 
101 performs orthogonal detection processing to an input 
signal and acquires the baseband signal that is an analog 
signal. This baseband signal is removed by LPF 102, 103 
in an unnecessary frequencies ingredient, is changed into 
a digital signal by A/D converters 104, 105 and turns into 
a digital base band signal with them. 
[0061] The signal with which FFT processing was 
performed by FFT circuit 106 and the digital base band 
signal was assigned to each subcarrier is acquired. 
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Delay detection processing is performed by the delay 
detector 107, a judgment is performed by the judging 
device 1 08 and a demodulation signal is acquired. 
[0062] Next, the operation about frequency offset 
detection and frequency offset compensation is described. 
The phase information generator 109 generates the phase 
information of an input signal from the in-phase 
component (I ingredient) of the input signal before FFT 
processing and the quadrature component (Q component). 
[0063] The subtractor 110 carries out subtraction 
treatment of the phase information that is an output of the 
phase information generator 109, and the phase 
information 1 symbol carried out by the delay device 111 
and computes phase rotation, that is a frequency offset. 
The oscillator 1 12 outputs the local signal amended using 
the frequency offset that is an output of the subtractor 11 0 
to the orthogonal detector 101 . Thus, frequency offset 
compensation is performed. 

[0064] Here, the phase information generator in this 
embodiment is explained using drawing 2. Drawing 2 is 
an important section block diagram showing the outline 
composition of the phase information generator of the 
OFDM receiver according to the 1 st embodiment of the 
invention. The phase information generator according to 
this embodiment does not form a multiplier, but he is 
trying to reduce the operation amount for asking for a 
frequency offset. 

[0065] Absolute value detection is carried out by the 
absolute value detectors 201 , 202, respectively, and I 
ingredient and the Q component of an input signal are 
outputted to the subtractor 203. 
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[0066] I ingredient and the Q component of an input 
signal are inputted into the quadrant judging device 204 
and a quadrant is judged. Next, the quadrant judging 
device 204 is explained in details. 
[0067] When asking for a phase from I ingredient and the 
Q component of an input signal, it is necessary to 
calculate phase ?=arctan (Q/I) of an input signal and if 
this arctan (Q/I) assumes that it is I^+Q^=l, it can be 
approximated with a following formula. 
arctan(Q/I) = |I|-|Q| - 3 

[0068] Drawing 3 is the graph that shows the relation 
between arctan (Q/I) and |I|-|Q|. Thus, even if 
approximated by ?=|I|-|Q|, the error can be less than 1.8°. 
[0069] It judges with the 1st quadrant if the quadrant 
judging device 204 is |I|-|Qh - 4 ?/p+l based on the 
mentioned above approximate expression, Uke the 
following, if it is |I|-|Q|-. 4 ?/ p -3, it is 2nd quadrant and 
|IHQh -4 ?/ p -3 and it is 3rd quadrant and |IHQ|-. 4 ?/ p 
+ 1 , it will judge with the 4th quadrant. 
[0070] Next, the converter 205 changes the output of the 
subtractor 203 according to the decision result of the 
quadrant judging device 204 and asks for the phase ?. 
[0071] Thus, when detecting the frequency offset of an 
input signal according to this embodiment, in order to 
detect by judging the quadrant to which multiplication 
processing is not used for but the subtraction treatment 
and the phase of the absolute value of I ingredient of an 
input signal and the absolute value of a Q component 
belong, an operation amount required for frequency offset 
detection can be reduced, processing speed can be 
increased and the signal-transmission speed of an OFDM 



20 



receiver can be increased as a result. 
[0072] (2nd embodiment) The OFDM receiver according 
to the 2nd embodiment of the invention, has the same 
composition as the OFDM receiver according to 1st 
embodiment, however, normalizing phase information 
based on envelope information, when the input signal is 
not normalized, improvement in signal-transmission speed 
is achieved. 

[0073] Next, the OFDM receiver according to this 
embodiment is explained using drawings 4-7. The same 
numerals are given to the same composition as 1st 
embodiment and detailed explanation is omitted. 
[0074] Drawing 4 is an important section block diagram 
showing the outline composition of the phase information 
generator of the OFDM receiver according to the 2nd 
embodiment of the invention. I ingredient and Q 
component of an input signal are inputted into the 
envelope generation device 401 and envelope information 
is computed. Next, the normalizing circuit 402 normalizes 
an input signal using the computed envelope information. 
The converter 205 changes the normalized input signal 
according to the decision result of the quadrant judging 
device 204 and acquires phase information. 
[0075] Next, the composition and operation of the 
envelope generation device 401 and the normalizing 
circuit 402 are explained in full details. 

2 2 

[0076] The envelope information Z, Z=v(|lr+|Qr) can be 
requested, comparatively a lot of amounts of the operation 
are required to request the sum of squares. Then, 
computing approximately by Z=|I|+|Q| is also considered, 
so that it may end with a small operation amount. 
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If this approximate expression is used, 1.414 times of the 
value computed by sum-of-squares v(|lf+|Qp), that is 
about 41% of error, will be produced at the maximum 
(when a phase is 45°) and error rate characteristics will 
deteriorate. 

[0077] So, according to this embodiment, the approximate 
expression using the multiplication that can be simply 
performed by a bit shift is used. That is, in |I|>|Q|, in 
Z=|I|+0.375 X IQI and |Q|>|I|, Z=|Q|+0.375 x |I| is used as 
an approximate expression. 

[0078] Drawing 5 is the graph that shows the result of 
having asked for the relation of the time of |I|>|Q|, the 
phase ? that can be set without the range of 0<=?<=45° 
and a presumed radius, that is, amplitude, by theoretical 
calculation in this approximate expression. From this 
graph, by using the mentioned above approximate 
expression shows that envelope information can be 
acquired with less than 7% of error compared with the 
case where it asks by a sum of squares. 
[0079] Next, the envelope generation device 401 that 
searches for envelope information using the mentioned 
above approximate expression is explained using drawing 
6. Drawing 6 is an important section block diagram 
showing the outline composition of the envelope 
generation device according to the 2nd embodiment of the 
invention, 

[0080] I ingredient and Q component of an input signal 
are inputted into the absolute value detectors 601, 602. 
The absolute value detectors 601 , 602 take the absolute 
value of an input signal and output it to the subtractor 605 
and the adding device 610. 
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Selection of I ingredient and Q component is performed 
by the switches 603, 604. The subtraction result of the 
subtracter 605 is judged by the judging device 606 and a 
decision result is reflected in control of the switches 603, 
604. 

[0081] 2 bit- shift device 607 and 2 bits of 3 bit- shift 
devices 608 reach, and carry out 3 bit shifts of the output 
of the switch 604, respectively. The output of 2 bit-shift 
device 607 and 3 bit- shift device 608 is added by the 
adding device 609. Thus, the multiplication processing of 
0.375 in the mentioned above approximate expression is 
made. The adding device 610 adds the output of the 
switch 603 and the output of the adding device 609 and 
outputs envelope information. 

[0082] Next, operation of the envelope generation device 
of the phase information generator according to this 
embodiment is explained. 

[0083] I ingredient and a Q component have an absolute 
value detected by the absolute value detectors 601, 602, 
respectively, and |I|, |Q| are obtained. 
[0084] Then, subtraction treatment of the output (|I| and 
IQI) of the absolute value detectors 601, 602 is carried out 
with the subtracter 605, and the judging device 606 
performs a size judgment using the output. The output (|I| 
and IQI) of the absolute value detectors 601, 602 is chosen 
and outputted by the switches 603, 604, respectively. The 
switches 603, 604 choose the signal outputted according 
to the decision result of the judging device 606. 
[0085] The switch 603 will output |I|, if the output of the 
judging device 606 is |I|>|Q|, and if it is |Q|>|I|, it will 
output |Q|. 
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The switch 604 will output |Q|, if the output of the judging 
device 606 is |I|>|Q|, and if it is |Q|>|I|, it will output |I|. 
That is, the switch 603 outputs the larger one of |I| and |Q|, 
and the switch 604 outputs the smaller one of |I| and |Q|. 
[0086] Next, the smaller one of |I| and |Q| outputted from 
the switch 604, 2 bit- shift device 607 and 3 bit- shift 
device 608, respectively, 2 bit shifts and 3 bit shifts are 
carried out. 

[0087] Since amplitude becomes half by one bit shift, at 
two bit shifts, it becomes 0.125 time by 0.25 time and 3 
bit shifts. Thus, the amplitude of the output signal of 2 bit- 
shift device 607 will be 0.25 time the amplitude of the 
output signal of the switch 604 and the amplitude of the 
output signal of 3 bit-shift device 608 will be 0.125 time 
the amplitude of the output signal of the switch 604. 
[0088] Subsequently, in order that the adding device 609 
may add the output signal (0.25x|I| or 0.25x|Q|) of 2 bit- 
shift device 607, and the output signal (0.125x|I| or 
0.125x|Q|) of 3 bit-shift device 608, the output signal of 
the adding device 609 becomes 0.375x|I| or 0.375x|Q|. 
[0089] Finally, the adding device 610 can add the output 
signal (|I| or |Q|) of the switch 603, and the output signal 
(0.375x|I| or 0.375x|Q|) of the adding device 609 and can 
acquire the envelope information Z by the mentioned 
above approximate expression. 

[0090] Thus, the envelope information generation device 
according to this embodiment, in calculation of an 
envelope, a sum of squares is not calculated, but on a 
circuit, in order to use the approximate expression that 
consists only of easy multiplication realizable by a bit 
shift, and addition, a multiplier is not needed, but a 
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required operation amount can be reduced and processing 
speed improves. 

[0091] Subsequently, the normalizing circuit that the 
phase information generator according to this embodiment 
has is explained using drawing 7. Drawing 7 is an 
important section block diagram showing the outline 
composition of the normalizing circuit of the phase 
information generator according to the 2nd embodiment 
of the invention. 

[0092] It is a judging device that judges whether the 
judging devices 701-704 have a phase larger thanp/4 or it 
is small, and the operation part 705-707 adds the input 
signal by which the bit shift was carried out, and the 
envelope signal by which it was controlled whether 
polarity reversals are carried out according to the result of 
the judging device in front of 1 symbol. 
[0093] By taking such composition, the information for an 
envelope can be removed from an input signal. And it is 
expressed whether the output of the judging device 701 
has a phase of an input signal larger thanp/4 in a quadrant 
or it is small, like the following the output of the judging 
device 702 fixed by the judging device 701 within the 
limits of p/4 in more than p/8 and the following. More 
thanp/32 and the following are shown, respectively 
within the limits of p/16 in which the output of more than 
p/16, the following, and the judging device 704 became 
settled by the judging device 703 within the limits of p/8 
in which the output of the judging device 703 became 
settled by the judging device 702. 
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[0094] Here, the case where the normalization signal of an 
output consists of 4 bits is described, a judging device and 
operation part can provide optional number, and accuracy 
becomes high. It is necessary to make the number of 
operation part the number minus 1 of a judging device, 
that is clear from drawing 7 too. 
[0095] Thus, the normalizing circuit of the phase 
information generator according to this embodiment does 
not need a multiplier, but can reduce a required operation 
amount and its processing speed improves. 
[0096] Thus, according to this embodiment, without using 
a multiplier, by performing phase information generation 
and the envelope generation accompanying it, and a 
normalizing process, an operation amount required for 
frequency offset detection can be reduced, processing 
speed can be mcreased and the signal-transmission speed 
of an OFDM receiver can be increased as a result. Since it 
can apply when the input signal is not normalized, it can 
respond to many communication configurations rather 
than 1st embodiment 

[0097] (3rd embodiment) After the OFDM receiver 
according to the 3rd embodiment of the invention 
equalizes the phase information that has the same 
composition as the OFDM receiver according to 1st 
embodiment, however was computed, it is used for 
amendment. 

[0098] Next, the OFDM receiver according to this 
embodiment is explained using drawing 8. Drawing 8 is 
an important section block diagram showing the outline 
composition of the OFDM receiver according to the 3rd 
embodiment of the invention. 
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The same numerals are given to the same composition as 
1st embodiment and detailed explanation is omitted. 
[0099] The equalization device 801 performs equalizing 
processing to the frequency offset that is an output of the 
subtractor 1 10. By this processing, the phase error by 
thermal noise can be reduced and the detecting accuracy 
of a frequency offset can be raised. 
[0100] Thus, according to this embodiment, without using 
a multiplier, by performing phase information generation 
and the envelope generation accompanying it and a 
normalizing process, an operation amount required for 
frequency offset detection can be reduced, processing 
speed can be increased and the signal-transmission speed 
of an OFDM receiver can be increased as a result. Since a 
phase error is reduced by equalizing processing, the 
detecting accuracy of a frequency offset can be raised 
rather than 1st embodiment. 

[0101] (4th embodiment) The phase information in which 
the OFDM receiver according to the 4th embodiment of 
the invention has the same composition as the OFDM 
receiver according to 3rd embodiment, however a signal 
level is less than a threshold is not used for equalizing 
processing. 

[0102] Next, the OFDM receiver according to this 
embodiment is explained using drawing 9. Drawing 9 is 
an important section block diagram showing the outline 
composition of the OFDM receiver according to the 4th 
embodiment of the invention. The same numerals are 
given to the same composition as 3rd embodiment and 
detailed explanation is omitted. 
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[0103] Since the signal with a low signal level has the low 
signal-to-noise power ratio, the phase error by thermal 
noise becomes large. It is made not to use a signal with a 
low signal level for equalizing processing by this 
embodiment in view of this point. 
[0104] The subtractor 901 performs output of the phase 
information generator 109 and subtraction treatment of a 
threshold and the judging device 902 performs a size 
judgment. This decision result controls the switch 903 and 
only when the signal level of phase information is more 
than a threshold, the output of the subtractor 1 10 is 
inputted into the equalization device 801. 
[0105] Thus, according to this embodiment, the signal 
with which the signal level was less than the threshold can 
raise the detecting accuracy of a frequency offset further 
rather than 3rd embodiment by not using for equalizing 
processing. 

[0106] (5th embodiment) The frequency offset that the 
OFDM receiver according to the 5th embodiment of the 
invention has the same composition as the OFDM 
receiver according to 3rd embodiment, however is less 
than a threshold is not used for equalizing processing. 
[0107] Next, the OFDM receiver according to this 
embodiment is explained using drawing 10. Drawing 10 is 
an important section block diagram showing the outline 
composition of the OFDM receiver according to the 5th 
embodiment of the invention. The same numerals are 
given to the same composition as 4th embodiment and 
detailed explanation is omitted. 
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[0108] Since it is thought that the error is included in the 
phase information when it is judged that the frequency 
offset computed from phase information is excessive, it is 
made not to use an exceeding-threshold frequency offset 
for equalizing processing. 
[0109] The subtractor 1001 carries out subtraction 
treatment of the frequency offset and threshold fliat are the 
outputs of the subtractor 110 and the judging device 1002 
performs a size judgment. This decision result controls the 
switch 903 and only when a frequency offset is below a 
threshold, the output of the subtractor 1 10 is inputted into 
the equalization device 801. 

[0110] Thus, according to this embodiment, the frequency 
offset that was less than the threshold can raise the 
detecting accuracy of a frequency offset fiirther rather 
than 4th embodiment by not using for equalizing 
processing. 

[0111] (6th embodiment) The OFDM receiver according 
to the 6th embodiment of the invention changes the 
threshold that has the same composition as the OFDM 
receiver according to 5th embodiment, however is used 
according to line quaUty. 

[0112] Next, the OFDM receiver according to this 
embodiment is explained using drawing 1 1 . Drawing 1 1 is 
an important section block diagram showing the outline 
composition of the OFDM receiver according to the 6th 
embodiment of the invention. The same numerals are 
given to the same composition as 5th embodiment and 
detailed explanation is omitted. 
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[0113] Since the influence of thermal noise becomes large 
and an amplitude error and a phase error become large 
when a signal-to-noise power ratio is low, line quality is 
presumed using the decision error of a demodulation 
signal and a threshold is changed according to line 
quality. 

[01 14] The subtracter 1101 carries out subtraction 
treatment of the input signal and output signal of the 
judging device 108 and the judging device 1 102 carries 
out a size judgment. This judging device result is a 
decision error of a demodulation signal. The switch 1 103 
is controlled by the decision error that is an output of the 
judging device 11 02 and outputs threshold A and 
threshold B selectively. Here, it is referred to as threshold 
A > threshold B, in case a decision error exceeds constant 
value and threshold A is a larger one value and is 
outputted to the subtracter 1001, in below constant value, 
threshold B that is a value of the smaller one is outputted. 
[0115] Thus, according to this embodiment, the detecting 
accuracy of a frequency offset can be raised rather than 
5th embodiment by making a threshold variable according 
to line quality. 

[0116] (7th embodiment) The OFDM receiver according 
to the 7th embodiment of the invention has the same 
composition as the OFDM receiver according to 3rd 
embodiment, however, after it lets LPF pass, it inputs the 
input signal after an A/D conversion into a phase 
information generator. 

[0117] Next, the OFDM receiver according to this 
embodiment is explained using drawing 12. Drawing 12 is 
an important section block diagram showing the outline 
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composition of the OFDM receiver according to the 7th 
embodiment of the invention. The same numerals are 
given to the same composition as 3rd embodiment and 
detailed explanation is omitted. 
[0118] LPF 1201, 1202 removes the unnecessary 
frequencies ingredient of the output signal of AID 
converters 104, 105 and outputs it to the phase 
information generator 109. 

[01 19] If the cut off frequency of LPF is especially made 
low, the removing effect of an unnecessary frequencies 
ingredient becomes large and a signal-to-noise power ratio 
can be improved. In order to detect a frequency offset 
using the signal in front of FFT that is a multiple signal, 
even if it makes the cut off frequency of LPF low, the 
detecting accuracy of a frequency offset does not fall. 
[0120] Thus, since according to this embodiment an input 
signal is inputted into a phase information generator after 
LPF removes an unnecessary frequencies ingredient, the 
detecting accuracy of a frequency offset can be further 
raised rather than 3rd embodiment. 
[0121] (8th embodiment) The OFDM receiver according 
to the 8th embodiment of the invention attains 
improvement in the speed of signal- transmission speed by 
having the same composition as the OFDM receiver 
according to 7th embodiment, however, reducing a 
sampling frequency. 

[0122] Next, the OFDM receiver according to this 
embodiment is explained using drawing 13. Drawing 13 is 
an important section block diagram showing the outline 
composition of the OFDM receiver according to the 8th 
embodiment of the invention. 
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The same numerals are given to the same composition as 
7th embodiment and detailed explanation is omitted. 
[0123] The thinning circuits 1301, 1302 reduce a 
sampling frequency by thinning the input signal after LPF 
1201, 1202 passage. Since noise bandwidth is decreasing, 
the signal after LPF passage can reduce a sampling 
frequency. 

[0124] Thus, according to this embodiment, improvement 
in the speed of signal-transmission speed can be achieved 
by reducing a sampling frequency. 
[0125] (9th embodiment) After the OFDM receiver 
according to the 9th embodiment of the invention has the 
same composition as the OFDM receiver according to 7th 
embodiment, however lets analog LPF pass, it is inputted 
into a phase information generator. 
[0126] Next, the OFDM receiver according to this 
embodiment is explained using drawing 14. Drawing 14 is 
an important section block diagram showing the outline 
composition of the OFDM receiver according to the 9th 
embodiment of the invention. The same numerals are 
given to the same composition as 7th embodiment and 
detailed explanation is omitted. 

[0127] LPF 1401, 1402 is an analog filter and removes an 
unnecessary frequencies ingredient. The output of LPF 
1401, 1402 is changed into a digital signal with A/D 
converters 1403 and 1404 and is inputted into the phase 
information generator 109. 

[0128] Thus, since the working speed of an A/D converter 
can be ftirther reduced rather than 8th embodiment by 
making into an analog filter LPF that lets the signal before 
inputting into a phase information generator pass 
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according to this embodiment, improvement in the speed 
of signal- transmission speed can be achieved. 
[0129] (10th embodiment) The OFDM receiver according 
to the 10th embodiment of the invention has the same 
composition as the OFDM receiver according to 3rd 
embodiment, however performs equalizing processing in 
several symbols. 

[0130] Next, the OFDM receiver according to this 
embodiment is explained using drawing 15. Drawing 15 is 
an important section block diagram showing the outline 
composition of the OFDM receiver according to the 10th 
embodiment of the invention. The same numerals are 
given to the same composition as 3rd embodiment and 
detailed explanation is omitted. 
[0131] The delay device 1501 delays the output of the 
equalization device 801. And the equalization device 1502 
carries out equalizing processing of the output of the 
equalization device 801 and the output of the delay device 
1501. 

[0132] Thus, according to this embodiment, since 
equalizing processing is performed in several symbols, the 
detecting accuracy of a frequency offset can be ftirther 
raised rather than 3rd embodiment. 
[0133] (1 1th embodiment) The OFDM receiver according 
to the 1 1th embodiment of the invention aims at 
improvement in processing speed by having the same 
composition as the OFDM receiver according to 3rd 
embodiment, however computing a frequency offset by 
parallel processing. 
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[0134] Next, the OFDM receiver according to this 
embodiment is explained using drawing 1 6. Drawing 1 6 is 
an important section block diagram showing the outline 
composition of the OFDM receiver according to the 1 1th 
embodiment of the invention. The same numerals are 
given to the same composition as 3rd embodiment and 
detailed explanation is omitted. 
[0135] The Serial-Parallel converters (S/P converter) 
1601, 1602 change the output of A/D converters 104 and 
1 05 into the signal of a plural series, respectively. 
[0136] Next, calculation of a frequency offset is parallel 
and is performed. That is, phase information is computed, 
respectively, the subtractors 1605, 1606 carry out 
subtraction treatment of phase information and the phase 
information delayed with the delay devices 1607, 1608 
and the phase information generators 1603, 1604 detect a 
frequency offset. 

[0137] Thus, since the 1 1th embodiment of the invention 
performs fi-equency offset detection by parallel 
processing, it can attain improvement in the speed of 
signal-transmission speed. 

[0138] (12th embodiment) The OFDM receiver according 
to the 12th embodiment of the invention has the same 
composition as the OFDM receiver according to 3rd 
embodiment, however, performs frequency offset 
detection only using a specific channel. 
[0139] Next, the OFDM receiver according to this 
embodiment is explained using drawing 17. Drawing 17 is 
an important section block diagram showing the outline 
composition of the OFDM receiver according to the 12th 
embodiment of the invention. 
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The same numerals are given to the same composition as 
3rd embodiment and detailed explanation is omitted. 
[0140] As for the switches 1701, 1702, based on a channel 
type signal, a specific channel, for example, a control 
channel and a chisel are inputted into the phase 
information generator 109. It is uninfluential even if only 
a specific channel performs frequency offset detection, 
since a frequency offset value does not change rapidly in 
accordance with time. 

[0141] Thus, according to this embodiment, since 
frequency offset detection is performed only using a 
specific channel, average consumption electric power is 
reducible. 

[0142] (13th embodiment) The OFDM receiver according 
to the 13th embodiment of the invention, having the same 
composition as the OFDM receiver according to 10th 
embodiment, however calculation of the average value of 
the frequency offset in an equalization device weight 
averages with the computed frequency offset and the 
frequency offset value in front of 1 symbol. 
[0143] Next, the equalization device of the OFDM 
receiver according to this embodiment is explained using 
drawing 18. Drawing 18 is an important section block 
diagram showing the outline composition of the 
equalization device of the OFDM receiver according to 
the 13th embodiment of the invention. 
[0144] If the number of symbols that performs equalizing 
processing is increased, frequency offset detecting 
accuracy will improve, but memory space required of one 
side increases. Then, in this embodiment, equalizing 
processing of a frequency offset is performed using a 
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following formula. 

ave? f(n) = (1-a) x ave? f (n-1) + a x ? f (n) - 4 
here, ? f (n) expresses the frequency offset value of 
current time, and ave? f (n) expresses like the following 
the coefficient (for example, 0.1) to which a uses the 
average value of the frequency offset of current time for 
weighted average processing, respectively, n 0, 1, 2 ... is 
taken. 

[0145] The composition and operation of an equalization 
device for realizing the mentioned above formula 4 are 
explained. The multiplier 1801 multiplies the fi-equency 
offset of current time by 0. 1 . This is equivalent to a x ? f 
(n) in formula 4. The memory 1802 is a memory tiat 
stores the frequency offset after the equalization before 1 
symbol. 0.9 multiplies by the frequency offset in front of 
1 symbol with the multiplier 1803. This is equivalent to 
( l-a)x ave? f (n-1) in formula 4. The adding device 1804 
adds the output of the multiplier 1801 and the multiplier 
1 803 and outputs it as a frequency offset after equalizing 
processing. 

[0146] Thus, since what is necessary is to store only the 
average value of the last frequency offset in the memory 
when weight averaging with the computed frequency 
offset and the frequency offset value in front of 1 symbol, 
frequency offset detecting accuracy can be raised, without 
increasing memory space. 
[0147] Thus, according to this embodiment, when 
performing equalizing processing in several symbols, the 
accuracy of frequency offset detection can be raised, 
without increasing memory space. 
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[0148] (14th embodiment) The OFDM receiver according 
to the 14th embodiment of the invention makes variable 
the coefficient that has the same composition as the 
OFDM receiver according to 1 1th embodiment, however 
is used for a weighted average. 
[0149] Next, the equalization device of the OFDM 
receiver according to this embodiment is explained using 
drawing 19, Drawing 19 is an important section block 
diagram showing the outline composition of the 
equalization device of the OFDM receiver according to 
the 14th embodiment of the invention. The same numerals 
are given to the same composition as 13th embodiment 
and detailed explanation is omitted. 
[0150] Its detecting accuracy of a frequency offset 
improves so that the value of the coefficient a used for 
weighted average processing is small, but convergence 
speed becomes slow. Convergence speed becomes quick, 
so that it is large, but detecting accuracy deteriorates. So, 
in this embodiment, coexistence of detecting accuracy and 
convergence speed is aimed at by the first 4 symbols 
making the value of a a large value (for example, 0.5), for 
example, and considering it as a small value (for example, 
0.1) next. 

[0151] It is made for the first 4 symbols to output 0.1 for 
0.5 to the multiplier 1801 after 5 symbols, for example in 
the switch 1901 . It is made similarly for the first 4 
symbols to output 0.9 for 0.5 to the multiplier 1801 after 5 
symbols, for example in the switch 1902. 
[0152] Thus, the 14th embodiment of the invention can 
aim at coexisten ce of accuracy and convergence speed 
further rather than 13th embodiment by making variable 
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the coefficient used for a weighted average. 
[0153] (15th embodiment) The coefficient that the OFDM 
receiver according to the 15th embodiment of the 
invention has the same composition as the OFDM 
receiver according to 13th embodiment, however is used 
for a weighted average be a realization possible value with 
a bit shift and an adder subtracter. 
[0154] Next, the OFDM receiver according to this 
embodiment is explained using drawing 20. Drawing 20 is 
an important section block diagram showing the outline 
composition of the equalization device of the OFDM 
receiver according to the 15th embodiment of the 
invention. The same numerals are given to the same 
composition as 13th embodiment and detailed explanation 
is omitted. 

[0155] Since amplitude can be made into a half by 
performing one bit shift as 2nd embodiment also 
described, in two bit shifts, 0.125 time is realizable by 
0.25 time and three bit shifts. Thus, a multiplier can be 
excluded from an equalization device by making into a bit 
shift and a value (for example, 0.25) realizable by addition 
and subtraction the value of the coefficient a used for 
weighted average processing in formula 4. 
[0156] 2 bit- shift device 2001 carries out 2 bit shifts of the 
frequency offset of current time and is made into 0.25 
time. 2 bit shifts, 1 bit shift of the frequency offset in front 
of 1 symbol that is an output of the memory 1802 is 
carried out and 2 bit- shift device 2002 and 1 bit-shift 
device 2003 make it 0.25 time and 0.5 time, respectively. 
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[0157] The adding device 2004 adds the output of 2 bit- 
shift device 2002 and 1 bit- shift device 2003 and 
generates 0.75 time of the frequency offset in front of 1 
symbol. Formula 4 in case the adding device 1804 adds 
the output of 2 bit-shift device 2001 and the output of the 
adding device 2004 and finally sets toa= 0.25 is 
realizable on a circuit. 

[0158] Thus, since according to this embodiment a 
multiplier cannot be used but only a bit shift and an adder 
subtracter can weight average when using for a weighted 
average in an equalization device, circuit structure is 
reducible rather than 13th and 14th embodiments. 
[0159] (16th embodiment) The OFDM receiver according 
to the 16th embodiment of the invention, it has the same 
composition as the OFDM receiver according to 3rd 
embodiment, however, the difference of the frequency 
offset value of current time and the average value of the 
last frequency offset exceeds a threshold, the frequency 
offset value of current time is not used for equalizing 
processing. 

[0160] Next, the OFDM receiver according to this 
embodiment is explained using drawing 21 and drawing 
22. Drawing 21 is an important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 1 6th embodiment of the invention, and 
drawing 22 is an important section block diagram 
showing the outline composition of the control circuit of 
the OFDM receiver according to the 16th embodiment of 
the invention. The same numerals are given to the same 
composition as 3rd embodiment and detailed explanation 
is omitted. 
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[0161] Since the frequency offset value detected for every 
symbol shows dispersion when a signal-to-noise power 
ratio is low, a difference with the frequency offset value in 
front of 1 symbol is kept from using the frequency offset 
value exceeding constant value for equalizing processing 
in this embodiment as a thing including an error. 
[0162] In drawing 21, the frequency offset value lhat is an 
output of the equalization device 801 and by which 
equalizing processing was carried out and the frequency 
offset value in front of 1 symbol that is an output of the 
equalization device 2102 are inputted into the control 
circuit 2101. The output of the control circuit 2101 
controls the switch 2103 and only when a difference with 
the frequency offset in front of 1 symbol is below a 
threshold, it inputs the output of the equalization device 
801 into the equalization device 2102. 
[0163] On the other hand, in drawing 22, subtraction 
treatment of the frequency offset of the current time 
whose subtractor 2201 is an output of the equalization 
device 801 and the frequency offset in front of 1 symbol 
that is an output of the equalization device 2102 is 
performed in the control circuit 2101. Subsequently, the 
subtractor 2202 performs subtraction treatment of the 
output of the subtractor 2201 and a threshold and the 
judging device 2203 performs a size judgment. The result 
of this size judgment controls the switch 2103 as a control 
signal. 

[0164] Thus, according to this embodiment, when the 
difference of the frequency offset value of current time 
and the frequency offset value in front of 1 symbol 
exceeds a threshold, the accuracy of frequency offset 
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detection can be raised by not using the frequency offset 
value of current time for equalizing processing. 
[0165] (1 7th embodiment) The OFDM receiver according 
to the 17th embodiment of the invention has the same 
composition as the OFDM receiver according to 16th 
embodiment, however, changes the threshold in a control 
circuit according to line quality. 
[0166] Next, the OFDM receiver according to this 
embodiment is explained using drawing 23 and drawing 
24. Drawing 23 is an important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 17th embodiment of the invention, and 
drawing 24 is an important section block diagram 
showing the outline composition of the control circuit of 
the OFDM receiver according to the 17th embodiment of 
the invention. The same numerals are given to the same 
composition as embodiment 3 and detailed explanation is 
omitted. 

[0167] Since it becomes a factor in which line quality 
reduces frequency offset detecting accuracy under a bad 
situation as the threshold in the control circuit described 
by 1 6th embodiment is constant and line quality becomes 
a factor that makes convergence speed rate under a good 
situation, it is desirable to make a threshold change 
according to a line quality state. According to this 
embodiment, the threshold of a size binary is provided, for 
example and it uses selectively according to line quality. 
The decision error of a demodulation signal is used for 
line quality like 6th embodiment here. 
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[0168] In drawing 23, the subtracter 2301 carries out 
subtraction treatment of the input signal and output signal 
of the judging device 108 and the judging device 2302 
carries out a size judgment. This judging device result is a 
decision error of a demodulation signal. This decision 
error is inputted into the control circuit 2101. 
[0169] In drawing 24, the switch 2401 is controlled by the 
line quality information that is an output of the judging 
device 2302 and outputs threshold A or threshold B 
selectively. Here, if threshold A > threshold B, when line 
quality is bad, threshold A that is a value of the larger one 
is outputted to the subtracter 2202, and when line quality 
is good, threshold B that is a value of the smaller one will 
be outputted to the subtracter 2202. 
[0170] Thus, according to this embodiment, coexistence 
of frequency offset detecting accuracy and convergence 
speed can be aimed at rather than 16th embodiment by 
changing the threshold used in a control circuit according 
to line quality. 

[0171] By any embodiment of the above, by the quadrant 
to which the phase judged from the absolute value of the 
in- phase component of an input signal and the absolute 
value of the quadrature component belongs, change phase 
contrast and the phase information of an input signal is 
computed simply, by performing frequency offset 
compensation using the frequency offset that computed 
the frequency offset and was computed in this way by 
performing subtraction with the phase information of this 
input signal, and the phase information in front of I 
symbol, since it can have composition that excludes a 
multiplier with slow processing speed, the processing 
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speed of an OFDM receiver can be increased and 
improvement in the speed of signal- transmission speed 
can be achieved. 
[0172] 

[Effect of the invention] As explained above, according to 
this invention, the processing speed of a frequency offset 
detection circuit can be raised and signal- transmission rate 
can be improved. 



[Brief description of the drawings] 



[Drawing 1] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 1st embodiment of the invention. 

[Drawing 2] is the important section block diagram 
showing the outline composition of the phase information 
generator of the OFDM receiver according to the 1st 
embodiment of the invention. 
[Drawing 3] is the graph that shows the theoretical 
calculation result of the phase calculation approximate 
expression used with the phase information generator 
according to the 1 st embodiment of the invention. 

[Drawing 4] is the important section block diagram 
showing the outline composition of the phase information 
generator of the OFDM receiver according to the 2nd 
embodiment of the invention. 
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[Drawing 5] is the graph that shows the theoretical 
calculation result of the envelope information calculation 
approximate expression used with the phase information 
generator according to the 2nd embodiment of the 
invention. 

[Drawing 6] is the important section block diagram 
showing the outline composition of the envelope 
generation device according to the 2nd embodiment of the 
invention, 

[Drawing 7] is the important section block diagram 
showing the outline composition of the normalizing 
circuit of the phase information generator according to the 
2nd embodiment of the invention. 
[Drawing 8] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 3rd embodiment of the invention. 

[Drawing 9] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 4th embodiment of the invention. 
[Drawing 10] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 5th embodiment of the invention. 

[Drawing 11] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 6th embodiment of the invention. 
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[Drawing 12] is the important section block diagram 
showing the outhne composition of the OFDM receiver 
according to the 7th embodiment of the invention. 

[Drawing 13] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 8th embodiment of the invention. 
[Drawing 14] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 9th embodiment of the invention. 
[Drawing 15] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 10th embodiment of the invention. 
[Drawing 1 6] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 1 1th embodiment of the invention. 

[Drawing 1 7] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 12th embodiment of the invention. 
[Drawing 18] is the important section block diagram 
showing the outline composition of the equalization 
device of the OFDM receiver according to the 13th 
embodiment of the invention. 
[Drawing 19] is the important section block diagram 
showing the outline composition of the equalization 
device of the OFDM receiver according to the 14th 
embodiment of the invention. 
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[Drawing 20] is the important section block diagram 
showing the outline composition of the equalization 
device of the OFDM receiver according to the 15th 
embodiment of the invention. 
[Drawing 21] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 16th embodiment of the invention. 
[Drawing 22] is the important section block diagram 
showing the outline composition of the control circuit of 
the OFDM receiver according to the 16th embodiment of 
the invention. 

[Drawing 23] is the important section block diagram 
showing the outline composition of the OFDM receiver 
according to the 1 7th embodiment of the invention. 

[Drawing 24] is the important section block diagram 
showing the outline composition of the control circuit of 
the OFDM receiver according to the 17th embodiment of 
the invention. 

[Drawing 25] is the important section block diagram 
showing the outline composition of the conventional 
OFDM receiver. 

[Drawing 26] is the mimetic diagram of the frame format 
in the radio of an OFDM system. 
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[Description of numbers] 

101 Orthogonal detector 

106 FFT circuit 

107 Delay detector 

108 Judging device 

109 Phase information generator 
112 Oscillator 

201, 202 Absolute value detector 

204 Quadrant judging device 

205 Converter 

401 Envelope generation device 

402 Normalizing circuit 

607 2 bit-shift device 

608 3 bit-shift device 
801 Equalization device 
1201, 1202 LPF 

1301, 1302 Thinning circuits 
1601, 1602 S/P converter 
2101 Control circu it 
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^^mh z b immbi-h ofd u^mmw:. 
imm 1 mmmmy-t %^ 

b nmb-fhmim i lesic^o f d MSft^s. 

zb^m'&ibth mm. 2 im<^o f d M^fi^s . 
[i«^i<ii4i mm-m\Lmi.'M.\i!,^ixtzmm.^y 
•fe-y v<r)^ti>t>^M.(r>-i^^^±mtWim^:^y-^ -y b 
(D^i^mt^mthzb k\mbthmm^2X[m 
3 mmo F D MSfi^a. 

ti5#st, ^^^hzb^'^'^b-^hmm2%m<r)o 

F D MSftSSo 

b i:mmbi-ms.m2i)^i^m^m7<^\.^rixMzim 

[m^m9] m^ii}^^m^m8ff)\,^-rtLfj^izim 
a)OF DMmm^$:mt?>zbmmbtmm 
mm. 

im^m 1 0 ] mm i *-'^itijRiH9i^i-^-f*T.*>cia 

©coo F D M^S^lSr^d-f I. C t Sri^mfc -ri. ilfl 

liS^Rfl 1 1 ] 13cS-ii$iiO F D M:^5^c7)^ftft-^ 
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m.ic.'f-mizmh^mm'^comcr>m-timmkm^^ 
immaxmb. mm-ifmmiMcDiiitibmiim. 
mMzm<7)tii:hbi3>i^mimti^mmm\iitm 
miHTMb. ^ta^hfzmbmia^htz&mmj^ 
y^^)i'rtw&^^tcm b ^WM-m. L-c Wi'm^ y 
■fe-y v^^]i^thmm.iry-^-v vm^xub . 

i:. 'kS.m-hZb^^mbt^OFDm'^m'A. 

1 2 ] mm^my-t y b^iaiieji. 

alL/>:)l^Sft^7^r -y V k^mtfh^mWLTMk^i- 

izb^i^mb ti>mm 1 1 laaoo f d m'stm 

thzb^w^Lb-rmntmi 2ieiKc7)OFDMSft:fr 

?j-7Hr y hcr,'pi}^i^m-(r)-Mmk±mhmmm^y-t 
■y hco^i^mmmt^zbi:mbtiimmi 2 
xmmm 1 3 lefjcT) ofd MSfi:^ffi. 
[ 11*11 1 5 ] mtmmmxmu .m^m%im 

m-!^cr)^yroymmhi-zb^mbttm» 
1 1 ^> 1 4 ^m*^tciet5<oo F D MSft 

ix^mi&mm^iz^-tii^vTfi' ■ ^•^yi'ii^m 
xmb - mnmm<^mmiiiTmb , e^^^^fflcoe 
ffl^mxsfc. iwi.ct^!}f'(tt-rsi«5)<jai 2ie 

mmbtmimi 2sm<r)0FDM^tium. 
imm 1 8 1 frie^J^^txsti. 3S«<?)igj!feicjr7 

-b y Ncofflt 1 >-y--n;UBlic^)g«IS:7f 7-t y bnmb k 

'mumi. z<r)m^^mMco-^mi±mmii 
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\^^zbt:'\mbt6mmi 2i}-(>mtmi 7<r>\.^i^ 
mzim<DOFDM^mijm. 

[000 1 ] 

mmmizm^^ti^^iEmmizmth, 

[000 2] 

[ mk<^tm ] f^^o OFD M:/,-^£oi?iii*afi(cffl V ^ 
hixi>^ims. (WT, #(;oFDMs^fi^s^:^-^'; ) 

(COoril2 5&t/ia2 6S:ffl»,^TiKBfl-ri., 02 5 

a . tt3fe<o OFD M^mmmnmB&mmTP^m^yv 
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c 0 0 0 3 ] i-f , 122 5 im^x^mmmmis.m 

n-A'X •7'(;L-:?(LPF) 2502. 2 50 3Ji, 
-^m^m.mim:-fh. A/D^}ft|§2 5 04, 2 

[00 04] 7— UX^^jft ( f ast Fourier 

transform;OT. FFTt ) 08^2 5 
0 6(i. A:^Jft-f(C^LtFFT3!!ia2:ff>-\ SM^iS 
#S2 5 0 7«i, A:>]$n/-^ft^(w^^ L-CSffil^iSMa^ 
ff^. WSS2 5 0 8{i, jlE«i«^fi4<o«s&fifa. 
[00 0 5] lffi§l2 509. 25 1 0{i, A^J^fifc 

ft-^Sras$Hfcai:»3-ri., «?g«»fi2 5 1 m, is 

U25 12{i. ffi^«a[SI2 5 1 lcoai:>3^tSI^L, 16 
SIS2 5 1 Bti. :^«^»SS2 5 1 liOai^(fcJ:o-Cfli 

[ 0 0 0 6 ] »:i^T\ t^*^MOl!im=o<,^-Cl5iBB-f 

I.. m.-m^m5(ini.. ^mm^iznLx-m.m. 



I,. >I(7)<-XM'yKfi-^(i, LPF2502, 250 

3<.zi.')X^^m.mimi^ix. A/D^mm 

5 04. 2 50 5tCj:o-CT>f>''^';l'fl^tC^'^$fL. 

{00 01 1 r ^ 'J-9)VK-?.f^y\im^<,t^ FFTHI 
ffi2506tC<i;-oTFF TSaiS*<ff i?ix . ^-^T"^ ^ 

2 5 0 oTa®^i^5!!La*>fffc:^, W^SI2 5 0 

[0008]ti-?>t\OFD M*^<O^I6«sJi«(Ct> 

[ 0 0 0 9 ] o F D }A-fjj^ffimi\mmzii\^x\t--m. 

tc:. 112 6 t^F-r J: d ^'yy^^)V(r)m^^z^i^yTf^ 

[00 10] i-r, FFTJ!lSfrc^fi-^i:. FFTSaa 
BfliOfi#$:SSS2 5 0 9. 25 1 OlCj;o-Cl j^y-t: 
)Vm^^^fzmt, CMLT. 1t«S»S2 5 1 



R(nT) = 



D(«r) 



z>(/i7'+rs)|/(7'^/r) 



ZZT, R ( nT) ti{afflffi^5:«i5L. WTl5l«t. 

D (nT) tigftft-t^. Ts(i:v-y*>:R^, TgJi 

b-f, n{il. 2 • • • Sr^R-S.. 

R ( nT) = I R ( nT) I ■ exp 

L/t^^'oT, m•<^Wl.^y■^■■/h^f^:m^l^bl,zX':> 
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<OS«7)affl[lI4£M 2 ;r A f T s C i: Aifi' S . 

[00 12] ^fc. jgj^^7-fe y hA f iJO^tBti. ^' 

I. {itsm'^y^'>\^tm-<r>i^yr^/V't(ow.mmw^ 
[00 13] ccoiotcLT. mmmn^25i i^za 
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[00 14] ^«^2 5 1 3{i, (iffllfiHcft2;rA f T 
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[00 19] 

[^BBi7)lllSfec^}B® ] *^HflOlg 1 iOffittt^l, O F D 
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[0032] iiXtf , 
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0 7 izx-^xmm^mummhti. fijgis i o s j: 
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1 0 9 (i, F F TMaffc^gfift^coPiffl^^^ 

0 ) i:*^4>Sfifi-^0(4ffi1ffl8^ifeJt-ri.. 
[0063] m^i 1 OJi, flffljflg^^fll 0 9<r> 

tii:hxhiQ.mmt, mm^i i itcio-cii^y-t: 

m*mi 1 ocotii:nvhimmmy^yhim^^xm 
zff)Xo{zLx. mmy^y-^-yhmmti^'ffhti 

[0064] CCT'. 112 SrfflV^T , 2|s:||Sfic^m®tCfc 
7-fe y h*:il<i6l,ttf)«aiW4$:«/i,-rJ: dCLTV^ 

[0065] A:tifi-^co I Sc^w-t Qim\i. -en-eiijfe 
*fiii*{iiiS2 0 1 , 2 0 2»;:j: oie^fii^jtii^n. m. 

S2 0 3^l±J^3§ill>. 

[ 0 0 6 6 1 X. A:tlfi-f to I QiWi/jt\t. ^ESfl 
^S2 0 4tA:ft?il, an 
fJ^ls 204tCOl^Tifjitl.. 

[0067] X-h\%^(r> I fK:H- J: Qfi£:Ji-A^A>fiffl§r*y> 
SJ*^, A^Jfi^<7)fiiffl0=arc tan (Q/I ) 5r 
ff»-rSje:<^*^3!>|.*<. CKO a r c t a n ( Q/ 1) 
{i. P + Q2=li:<S^-ri.i:, <J:*CJ:oTjeiEltl. 

a rc tan (Q/I ) = I I I - I Q I -» 

[00 68] [I3«i;. a r c t a n (Q/1 ) t I I I 

= I I I - I Q I T'jfifEifc i,i#ii<4 1.8° uirttc-r 

(00693 0lll«^S2 0 4«. ±Ejfi(«5S:tSr^(,^ 



r, I I I - I Q I ^-40/7r+lt'$>n(f^l^|5B 
T'3i^i«SL, OT|5l«(C, I 1 I - I Q I ^4 0/ 

^t-^x:hK\m2m<.. i 1 1 - 1 q i ^^-4©/?! 

-3X:hfl\i^3m^. I I 1 - I Q I ^4©/;r + l 

x:hti\mAmi. t¥m.-th, 

[0070] -d^y-y^. O 5{±, «aig2 o 3<0 

tii:^*Mfi*'l^^2 0 4«0W«jg*{C|iSfC^«lt, 

[007 1 ] ^nx d ctixtf. Sfi 

^■fhfzih. ^m.i^y^-v vm.nz^W£mm:m 

JSL. ffiJMJK^W. ^^tLTOFDM^m^S*^ 

[0072] ( %m.<r>^m. 2 ) ^wM<r)mmmm 2 ic 

1^1, 0 F D MgftJia»±, HJSCOJ^® 1 tC^ S O F D M 

gft^a i5i«o«^ ^ w L . (I Lmm^m^zm-:}^ ^ 
xiiLmmiiLm^tthzt^zXr>x . ^mm^iEm 
■it^ix.x\'^^j:\>^m^izi5\,^xhm^&&m&<^mm'it^ 
m^i><^x'hh. 

( 0 0 7 3 ] OT, [24-07 jffli^T, ^mmmm 
iz{uoFDM^mmm{z-:>uxmm-th. ^ij. m 
•t, mmmmibmmmmzmtmi:nL. m 

[ 0 0 7 4 ] [24 {± , *3%0H<7)^t££7)fl?® 2 tCfS-S O F 

±m^4 oiizK:h^ti. ^w^^mmm^ix^. 
v^TiE»^tlllS4 0 2«±, %\ii^ixfz^mm^mWi\^ 
xx-hm^im^it-th. ^m20 5\i, smy.^ix 
tzx-y)m^^mm'm 20 a <^m.^mzmtx^m 

[ 0 0 7 5 ] OT, ^*&is«§i4 0 1 mjEMm^ 
4 0 2<r)mm.x/mmz-:>\.^xnm-h. 

[007 6] SHIStflfiZfi, z=,r ( I I I 2+ I Q 

mm$'<ff)mitim, ^^x-'y^^^^m^^x-mtsi: 
z = I I I + I Q I X'mxmz'g.\i;,-th^bh^ 

" m) T, zsft^ (I 1 1 2+ 1 Q 1 2 ) x-n^ifz 

mi. 4 14IS, l%cOi^S:±l;, ^ 

[0077] -ect-^jUSScOjeST'ti. t'-y hx7 VI,Z 

th. tKchh. I I I > I Q I tf0ti-&{4Z= 111 + 
0.375X|Q|.|Q|>|I| cr,i^liZ= I Q 

1+0. 375x1 1 1, ^mx^ttxmv^^. 

[0078] 05(4, CeOJfitEl^lCfeV^t: I I I > I Q 
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[00 7 9] tiT. meim^-^x, ±Mi.&m:i:mux 

I., men, ^%m<^mmmm2a^xi^mi^&^ 

[0080] Xlim^cr, I fig^t Qfig^Ji, jeittt^ffi 

§16 0 K 6 0 2{cA;']$ill.. *eW(i^ai^6 0 1 . 

6 0 2{i, K:fjm^com(i.mn . mus^e o sm 
tm^e 1 o/vaj:ft-ts. i is.^tQ^^(r)mmi. x 

•^ •y^603. 6 04^^J:O^T;bi^l.. «S:S6 0 

6 0 6 izx-^xm^^ti. m^mt 

X^7f-6 0 3, 6 0 4<5DSlJffll(CRB*$m.. 
[0081] 2t'>y hv7h«6 0 7i:3t" yh$/7h 
f56 0 8{±, ■y^6 0 4(r)tii:hi^ixi'tl2\z: yh 
RX/St'-yhi^yb^-^l. 2h'yh>'7hS6 0 7t 
3h'-7hv-7h^6 0 8fiOai:tl{i, JDS:^6 0 9tJ:o 

7 5«o«S:?aa*^:5r$ixl., fl[i»^6 1 Oli. XA -yi- 
6 0 3i0tii:>]fc JP»S5 6 0 QcOtH^dSrJIlPWL. -aJSUti 

[ 0 0 8 2 ] *IIMcO?^®Cf$Sfiiffltf^4j« 

[0083] i^^bQmii. ^ti^'ixmmmm 

60 1, 60 2tJ:-5-CI6*ifliS:1^aj§ii, I I I I 

Q I 

[0 0 84] *eMli«ffit560 1, 6 0 2<?)ai 

:b ( I I I i: I Q I ) {i. ^»S6 0 S-cmMSS 

ix. -e<7)ai;t75-ffll >Tfl5g§g6 0 6*^'*m^&'#o o 
X. f&*t<ffl^ai^6 0 1.60 2cDtii:n ( 1 I I t I Q 

I m-e^^x-f -7^-6 0 3, 604i,zx-oxmM 
^ti. \^ij^ix.h. x^ y^eos. 6 04mij^5i6 

0 6(/)nmsmzmtxi\i:t]tm^immi-i. 

[0085] X-^ •y^6 0 3{±. *'JSf§6 0 6c01t}:f)*« 

1 I I > I Q I Xiiiliil I I S-tBlJjL. I Q I > I I 

I X'hm\ Q I SrtB^JtSo X-^ •yf-6 0 4(i, 
S§6 0 60tii:f]*^' I I I > I Q I X'hMt I Q I 5:*:^] 
L. I Q I > I I I X'$>tHi I 1 I ^tiiiith. t^£h 

X'f y-^-eosm I I fc I Ql k.ffyj^t\y}j^^ 

■nL. X^-yf-6 0 4{il I I t I Ql fc«!0/jN$(,^:^$- 

[0086] »:v^T^ ^'x'f •yf-6 04A^f>aJ:*3$fL/>; I 
I I t I Q I cr)>h^\.y)j\t, 2b'-yhi/-7hSI6 0 7i: 
3 h' y h v- 7 h ^ 6 0 8 J: -:. T -eiX-f a 2 tr y h >- 7 
h&lA'3h' y hi^7h$ixl.. 
[0087] 1 h' y h i^7 F- GJ: -:.t:ig«i(i^t=5:S 
2t'-y h>'7h-C«0. 2 5fg. 3t' yhv-7h 



XnO. \2 5\^h^j:h.%'oX. 2t'yHi^7hf|6 

0 i<r>^-hm^<r>WiWi[t. x-i ■y^6 0 4cotii^)ft^tfO 

Wmm. 2 5^-CS>0, 3h'-y hv7hS6 0 8(?)aj 

■niM^<r:>wmt. x-i 'y^6 0A<r>^^m^<nw^<n 

0. \ 25{^tti:h, 

[0088] iX\^X'tm^b 09t^. 2 h' y h i^7 

6 0 7(7)tb^)fl-^ (0. 2 5X I I I X<i0. 2 5X I 
Q I ) i:3f -yhv-7M§608c7)ai:^jfi-^ (0. 12 
5 X I I I X«iO . 1 2 5 X 1 Q I ) itm'Thfz.ib. 
SnK5§6 0 9cOtii*fi-t«. 0. 3 7 5X1 I | ;5^{± 
0. 37 5X I Q I i:^:^. 

[0089] mmz. Jn»l§6 1 0;(!)\ X-^ ■yf-6 0 3 

iotii^fi^ ( I 1 1 xti I Q I ) t , M'me 0 9coaj 

llfi^ (0.375X|I|X(i0. 375XIQI) 

^itmL. ms&.mii.zii:i>mm.'mzmt^ 
[0090] z<ni: 0 \z. ^m^<mm\.zi^h^vkm 

ht, lslSS±T-{ih--y hi^yVX-mM^^'cti^X'^h 

%^imb^ir, &W£m.s.m(^tLtffiX't. 

[ 0 0 9 1 ] »:Ut\ 07 2^ffll^-C, :^%m<r>^m^Z\^ 

h mm±0.m^'tiiEmitmizoi^xmm-t 

mi\i. ^wmmm<omm2\:z{%h{m'm^WL 

I. 

[0092]fl^^70 1~704tt, \mifn/ASi 
0 5-7 0 7{i. \i-yh=yyV^iXtzKhm^t. 1 

y ^^)vm<r)Wi^mmz^^ t x mtm:^ ti i 

[0093] Z(DXo^j:m^m^Zb^zXn , XMM 

^i)'h'^wmmmmm<^tti<x'^^. ^lx 
WS257 0 ifioai^){±, K-hm^<r)&.m^nm<n'^x'n 

7 0 2i0ai^){i:fl^S5 7 0 1 {li 0SS-5/c;r/4c7)iE 
ffll*lT';r/8W±M:lT*\ W5tS7 0 3<oai:»Jim^ 

S§7 0 2(lJ:05E^o/::;r/8coSGfflrtT-7r/l 6m± 
WSS7 0 4i^ili:^«ffl.^^7 0 31CJ: 0.^ 
t-yfZTc/l 6<7)SgHl^T'nr/3 2iiUi*>WT>()\ ar-?- 

[ 0 0 9 4 ] C: ^ fti , ^^<^im\m^t^ 4 f y h 

X. >lffglic^^(i. ia7A>f>iHflt>*>^rJ:a(w. mm 
cr)^-?^ i-X 1 

[ 0 0 9 5 ] CO J: 0 tw^lllriliOjeffitfSi. fiffitS^Sfe 
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[0096] zcox 0 *mtmmmizj:tii,£. mn 

[0097] { mmmm 3 ) *^m<nmmmm. s 
o F D MSfi^ati, mmmm 1 o f d m 

'^mtix^-i^miEi,zm\'^ihc7)X'hh . 

[00 98] OT, USSrffli^-C, ^^M^OM^f^l. 

oFDM^mmw.iz':>^^xmmth> man. ^^mco 

mmmm3 i^zi^^0FDM^immcr>m^mfS.i:9ik'r 

[0099] Tife)-(tS8 0 1 ti. 1 1 0 coiii:t)X 
hi>m'^WL^y-k-yhi,zMLx^mmm^no. zff) 
imizx-^x, mmmz^immm^m^^. m 

[0 10 0] z<7)Xdi,z. ^^mmmmizxixii, 
llsrfflv^■r^^. &nm±fS.m^tazwo^^&fS. 
tmmmir'^dzbizxy). mm^y-t-yhmm 

O F D Mgfi^E<7)(i^f5iiiig$:^|, ; t i}^X ^ 

X. ^mmtmzx^&mmi^i&m^htz)^. 
[0101] {mi.mmA ) *^Bj3co^oje®4tc 

f^|,OFDMSfifia«i. IliftiOfl^SiBt^SOFDM 

[0102] WT, 119 SrffloT , *jl*S<?)ff^®t::^l. 
OFDMSft^a(COI,'>-CijtBfl-t.S<, I19(i. *I&BBC7) 
mmcDJ^mA (Cf$S O F D M^fiJISc7)«lB&fl|fiicSrS^^ 

mcommzimti^^^ni . mtimmu'Mv^-th. 

[0103] ^t^^-'<;^*>•ffi^^^i^^i, (|-^*tJi^m:rt 

[0 104]ii^^901<±, iafflffl?8^§§l 0 9CO 

1 1 ooai:>i*-'¥i^ibS8 0 i^X:h^ix^Xdizt 
[0105] icoj: ate. *i5«fe<oj^.<sc=iatf . fi# 



[0106] ( mmmm 5 ) :^mmmmmm 5 
^ !> o F D M^mmmu , mmcomm 3 tcf^ i> o f d m 

mL:f y-t Hi^mmm\,zm^^ti:^^{^<7yx'hh . 
[0107] WT, II 1 0 ^m^^x. i^mmmm^z^- 
i>oFDM§ft^a{coi,^-ciKHj-ri.. m oji, *^ 

5 Kl^l. O F D MS«gB<OilB&ffilS^ 

[0108] (4ffltt?gA»'^®:ajL^)M«^7-fe ■y 
^ttiX^'^hb^lhiXhtzisb. Li\,^mnx.l<r)Wi 

[0 1 09] ^SLfii 0 0 m, Mmtii 1 ooaj^iT' 

1 0 0 2ifi±>m^^'iio. ZOim'm.^^t.ix-i ■yf-9 
0 3Sr»JSPL. jgjS[Sl5|-7-fe-yhA<L#V^jimT«^«^ 
<7);^«S:^ 1 1 0«ffi:»]*>'¥i^ftS8 0 1 

[0110] Z<r>i. 5 fc. *lltt<^«».tc J:ittf, L# 
V ^(i^TEl -D ^riga^^r 7 -fe ■y h (i^i^^kMatcfflv 

ttcj; 0 . mmcoBMA J; 0 $ '^(cjajS^;t7-fe 
■y h c0^ai»SS:i«i6 1. .1 i: *''T- 1' I. . 

[0111] immmme ) :^m<rmii&mm6^z 

i^ioFD MSffgaii, mmmm 5 i. o f d m 

[0112] J-UT, la 1 1 tffli-^T, *^!fi<7)B®icfl 

i>oFDMgfiga(c-:>i^-ci}is^-ri., mm. 

[0113] m^^mwivcifim.^^^. m.=^m<r) 
^riffl^l■f^o^l^i^ll2rffl^^•c(H]l8^^,lr^^«5EL. a 

[0114] 10 Hi. WStsl 0 8<0A:^fi 

-ri., z(Dm^mimmm^<7)m^mx'jf>i>, y^ 

^ -7^1 1 0 3{4, «€f§l 1 0 2waj:JjT'*&fl5g|S 

m^zx-^xum^ti. it^MAti^vmstim 

S)SL§l^llA$-«S»^gl0 0 1'\tb:^]L, -^miT 
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[0 115] z<r>xo^z. :^mmmmiz^tiii, 

[0116] {m.m<nmmi ) i^w^<nmm(r>mm'i ^z 
\^hOFD u^mmWii . mmmm s i. o f d m 

m^i L p F imtxt-hmm^mzxijthi, 

[0 1 1 71 OT, 01 2$fflv%T, if.m.<mmi,z^ 
hO¥Du^{mm.>,z-:>v^xmmh. m 2«±, *^ 
m<r)mmmmi tc^i. o f d ^^^mm-crimmiki 

tmmmztmm^mi, mu^mmir-Mm 

[0118]LPF120K 1202H, A/D3£^ 

s 1 0 4 . 10 5 <r>^-f]m<^y^mmmm^ 

[0 119]1t(C. LPFcO^ x ^Jj-7)g^SicSrlR<-r 
^Sfi^T*!. F FTBU<7)fI^$rffl»<^-C^;±5-ri.!ta^, 
LPF<;0;i:? yh^7jgjSil5:(S<L.Tf>, ia«^7-k 

[0 1 20] C(7)J;3t:, *mfeO»FJ(cJ:<ttf. Sfi 
fi-^^, LPFlcJ:D^g/g&SW^^^I^*L-C*^fb, 

I.. 

[0121] mmmms > w^s^j^jitco^Mstc 
[0 1 2 2] uiT, 01 3^m\-^x. *ll*i<^»C^ 

l-OFDMSffgaiCOt^Tl^HJ-ri.. I113{±. 
BJ<0llSfi«^J^.«8 § O F D M^filiao«BSIiB£«r 

I.. 

(0 1 23] ra^ll^lSKl 30 1 , 1302{i:, LPF 
12 0 1, 1 2 0 2ajat^Sfift-t2rS?l < -I t 

[0124] CCOJ; a tc, ^MficO^.miiiiUi'. -(f >- 

[0125] (%mmm ) ^w!^<nms.<mm.9i,z 



[0126] mT, 0 1 4 Srffll^T , 

|,0FDMSfS^glCOl,^TiftBH-ri.. 01 4«i, 
Bfl«0||ffe<7)JB»- 9 (Cf^ S O F D IVlSft^SiOilB&|i^5r 

^tsgi5/o-y70T:'j>i., ^tj, 04', mmmmi 
knm<nmmzimt^^^:nb, mL^mmtim-r 

[0127]LPF1401, 14 02{i, 7-:^P^7 
WfX'h^, -^'mmimti'mAth, LPF 14 
0 1, 14 02<7)ttl:J}{±, A/D^^^||14 0 3, 14 
0 4 fr ^ v^/Ufi-f effl-tfffi^lSS 1 0 

9\,ZX-h^ixh. 

c 0 1 2 8 ] z<r>i. 0 1, ^mLmm^zs;.ti{i, m 

mm.mzx-n-^mmmm-fhp?^rtx:iy 

A/D^mmmm^immizttiiX'^ i>7t«6, 

[0129] ( ^^(nmm i o ) if-m?i(^%m<r>fm i 
0 icf^ I. o F D Mgd^fiji . mmcomm 3 tcfi s o f 

HK^x'^-mmmi'ffohcnxhi. 

[0130] tlT, 0 1 5 ^rfflt^T . *IIJS«0}e®tCf^ 
|,0FDM^ftgSt=OO-CittB3-rS. 01 5«±, 

m<nmmmm 1 0 izi^i, ofd M^mm9.<^m^m& 

strnmcommznm tw^mi, mummam 

[0131] wmi 50 m. w-mmsoicr>^-h 
^mm^^h. ^Lx, wfb^i 50 2(i, ^i^m 

80 ltfDaj:>ji:SMSl 5 0 liOtU^jtSr^i^ftJaa-r 
[0132] C<?)J; 3 tc. *llJif|comcJ;ix«'. «ij 

J: 0 i, ^ t Jl«t^ 7 -fe -y h <?)e!Jti«]gSr ^a^>l. Z t 

ifX'^h. 

[0133] ( mmff>mm 1 1 ) -^%moym.mm 1 

nc(^I.OFDMSft^g«, ^fifecOJ^®3t::^I.OF 

h(nn\i;,^mmmx''n ozt ci: ^-cji^jEKcoisii 

2:01)4, OX'S) I.. 

[0 134 1 OT. 01 6$:ffl<,%T, *IIMS<^Je®(wf^ 

l>OFDMSfi»w'D»,^-CUiBflt-?., 01 6Ji, 

m(Dmiiii<r>Bm 1 1 icfss ofd MSfisia«oj8s5<f « 

[0135] Serial-Paral le 1 SJ^SS 
(OT, S/P^Si:^^a) 1 601, 1 602(i, 
A/D^mSl04, 1 0 5<oai:^]Sr, m 
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htih . ■t^j:hh, mmm^&^i eos. i e o 4 

-en-fiXffiffltl^g^Saj L. MSSs 16 0 5, 16 

0 6*>', affitf$8t, affiHl 6 0 7. 16 08(Cj:o 

[0137] z<DXoi,z, :^^mcomi&cr>mmi 1 a. 

[0138] (HJfiOff^® 1 2 ) W^cOHSficOfB® 1 
2 ^ O F D Mgft^aJi , UStOff^.® 3 (Cf^l. O F 

[ 0 1 3 9 ] WT, 01 7 J fflV^T , *ll)!ite<^Jgra(C(S 

hOFDM^mmmz-o\,^xmm-th. iii7{±. 

1 2 tCfigl. O F D Mg(i^a<^«lB&tf|^ 
[0 1 4 0] X'f y^l 70 1 , 1 70 2{i, 

mm^izm-^^. tt^so^Y^^;!^. ^ji-ifsiiw^Y^^ 

aveAf (n) = ( 1 -a) xa 

cicT'. A f ( n ) imm\c^m^fiL^7-t'y hm^m 
hi. armmiz^ a v e a f ( n ) i,mmm<7)mm. 

w mm. 0. 1 ) -eix-fii^*)-r. n{±o. 

1 , 2 • • ■ iUl. 

[0145] ±Mi^ immthrci^co^mm<^m^ 
m/wsmmmt^ . m.^ i a o i Ji , ^mm<r>mm 

aXAf (n) (Cffi^-ri., ;<*»;i802{i:. 1 

803(CJ;-5T0. 9*Wf>ilS. ^/iti, 5^ (cfc 
(t|.(l-a)XaveAf(n-l) (Cffii-fl.. 
acS1804«i, 3^S18Clt^»|§18 0 3c7)ai 

iims-t. ^m<t!mmmmL:^y-ty b t ixta 

[0146] ^co i 0 %\i:,^ixtzmmLity-^ y h 

ii-^, ^ t ij ^zt,mm(r>Wim^^ y-^-yv (n^im<r)?h 
i:mLxiimii.\.^<r)X\ >i=^'jm&im-x^'ti^{.z 
jgj!g»j}-7-b-y vmmw.m±.^^hztifx'th, 

[0147] fi!oT. *lli|cofe®t cfci-Uf, 'm'yy 

l¥^Mzii^^x'v■mmmi'ilomz, t u^fts-Jt:^ 

ifX'^h. 

(01481 ( mm<^m^ 1 4 ) *i«BBioii«£<oje® 1 



^MtL^v^Jta'), 1t^iO^^^^;kT<?>«^jg*S:it7-fe -y 
[0141] c:<0J: a {c. *IISfi<7)»®lcJ:ix<f . 

<r)'f-\^-)V(D^im\^xmmL^y^v v^^^'^otz 
ib , rmmthzt ti<x- ^ h „ 

[0142] iWimm 1 3 ) ^wn<r>%tkmm 1 
3{cf^i,oFDMgfi^a<±, mt&(^mmi otc(^i>o 
FDM^fiiiatisiasofliBg^r^t. atTJ^ikstfe 

(t■l.mS!t^7^r ■y h cO^i^llOEttiti , ^ffiSiX^cJ^ 
^m^y-t yhtl i^>'*Vl/fr«0Jia^lS^7-fe y Mlt 

[0143] WT. II 1 8 Srffli^T. *»S«Oje.<ilcf^ 

5 o F D MSfi^Mo^ii)(k§itcoi ujBj-r^ . m 1 

8(i, *S|HScO*i£«Jg.^l 3tCfSI>OFDMgri-SB 

[0144] ^t^immi'noi^y^y>im^§'<-trii£ 

'?-c-c-, :^mmmizti\i^x 
It. d:^^m\'^xmmmy-b-y hm-m:mmi:'fT 

veAf (n- 1 ) 

+ aXAf (n) -® 

4izi^.^oFDM^immi. mmmmi iizi^o 

F D M^immt mmff)mm^ t . is. tmrnf-mzm 

^^nmi^^ti-6h(r>x'hi. 

[ 0 1 4 9 ] WT, 11 1 9 srffli ^-c, ^mmmiz($ 

toFD M^mimcr)¥mitmz-o\, ^xmm-ti. m 1 

9 <i. *^0flfiO|IJi6c7)»ffi 1 4 1 (^1, 0 F D MSfi^a 
cO¥l^-fl:Sc7)«ll&<ilS$-*fSa57'D y^'0-C'*l.. ^ 
fc- Mfec^»^-1 3fc|5]acofi|figWi:|iIt^$^S: 

[0150] iinmw-mmmizm\'^i>imac7)mi,i. 

SV^{ii:'Sj^^7r7-t: y hc^^tb»jK*mtS*>\ ItX 

^mm^^itt^. ^zx'. :mm<^mmxu. 

(f, 0. 5) tt. amiA-^^^m mtii. 0. 1 ) 
tt^ztizxox. ^mmtm.m^comiLm 

[0 1 5 1 ] x-^ .yf-i 90 1«±. mnm^coAi^y 

-•K/KdO. 5$:, Sv-y.-K/H^mtiO.' 1$:. «®:f§ 
180UC!ii^Jl-Sj;3tw1-S, mUiZ. X^ y^l9 
0 2*d. Mx{fa^(!04i^y.-K/mo. 5^. Si^ydf 

iv^i^xmt 0.9^. 3ii»fs 1801 taj:']-ri. j: 5 c 

[ 0 1 5 2 ] Cf^J; '3 tc. ^wn<r)%m(r>mm. 1 4(i, 
J^ffi 1 3 J: 0 i. $ ^>fc:fiJSi:JR^jSS<^Mi:S:0S fc 
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[0153] (mmmmi 5 ) :^m<Dmtmmmi 
5ic^i.oFDMSfiii»i, mmmismio 

(0 1 54] OT. la20^fflV^•C. 

mcr>mmmm 1 5 o f d MSfiiisc^^i^fb^ff 
njfecoff^ffii 3fc|5l«co^i)tc^iPIt^^^S:#L. 
[0155] miMmm2x%m^fzj^ 0 1 t-v h 

tzih. 2t'-/hi'-7hT-{±0. 25fg, 3f -yh>-7b 
•CiiO. l25i&^^'fi>Z.tifiXth. J:o-C, 3^ 

h'^yhtiim%<>zi^^m.x'^m(mm. o. 2 

5 ) t tl. ^ t J: 0 . ¥tMtS§*>'b«»SI^^< i t 

[0156] 2h'-/ hv-^ hS2 0 0 U±. 3S^|iJcO^ 
H$r2t"-yh>'7N§Hi-, 0. 25^ ft 
2t'y hv7hS2 0 0 2&t/lf /hi^7h^2 

0 0 3{±. ^ t ij 1 8 0 2«otts^j-c-j)S 1 =yy^^)vm<n 

mmL^y'tyv^,^tii'fi2^'yhi^yv. ib'7 

hx7hS-y:, ^ixmo. 2 5f^. 0. bi^tth. 
[0 1 57] JnS:S52Q0 4{±, 2f7 hj^7h^20 
0 2&t;flt' y hi^7hS2 0 0 3tfOtiJ:^3*rJ[ia[L, 1 
y ^-fVm^^T^W.^ 7-fevhcoo. 75 Sr^)S-r 
ftf^tCSD»:?ll8 04*\ 2t'-yh-i-7h^2 0 0 
l<Ott;^ltjDmS2 0 0 4«0ai:'ji:^)!lll»L. a = 0. 

2 5 1 -rsJi^ios*:* 5:iiiK±-eii3S-r s ;i t ^^-ei^ 
[0158] ctfo J; a fc, ^wmmm.^z);.hj,i. ^i^) 

0 c: t tK' ^uz^. mmmm 1 3 1 4 i o t m 
[0159] ( mmmm 1 6 ) -^^mcommmm 1 

6 tllS O F D Mgfl^ati, mW)Bm3 (Cf^S O F 
^j-7-b y hffltliir|Blc?)jg^it5r7-fe y hi7)¥l^ffli:«OII 

[0 160] OT, 02iai^02 2 5:ffl»,^T, *^ 

<r)'m\,z{^hoFDiA'^\mm.\,z-)\^xiwnth. 112 

l(i. Wflc7)|^SSOjeSl 6{2ff,I.OFDMSft^S 
c^ftlB&mSr7n-r®la57'D-y^llT-*0, [12 2{i. * 
l%Bfl«ISSfifiOjeflS 1 6 fcfSI. O F D MSftllSO»J|«llHl 

m)mmmm-rmmu v'7mx-hh, ^rtj, 0 



M6^om?3i:|sl«cofli)gtc{i|5ll;^^-^S:#U. » 

[0161] fi#*f?(lM:*]ib!)iiKv^«^, #i/y;K;i>' 
»tcl^a5§iX7t)S«m'i-7-b ■y Mltc{M^>o#:«>'±l: 
Sit*^, *|ISfi<50»ffi-C1±, 1 >'y.tOHii<7)Ji^:t7 

[0 162] m2l\,zii\-^X. SiJj3llHlS82 1 0 UC(i. 

^i^ms 0 1 comi^j-cfcs wbaia^fiitJi^jr 

7-t'yMii:. ¥J%^b^2 10 2coai:»]t-J)l.l>-y4-' 
;UBlicoiffeSM7-fe-y NflA>'A:'3§ai.. 0JfflI|II8S2 1 
0 1coa3:*3(i, 7^-2 1 0 3^$l|1JPL. li^yTf^)V 

<7)^. Wt^8 0 1 ^aj:»3&Ti^bS2 10 2 tA:*j 

[0 163]-:^, m22l>zm^X. StJ1»PllIK2 1 0 1 

T'Ji, MSl^2 2 0 1 ■f)^i^im8 0 1 <Oii!,:nX'hm 
B#^Jomi!C7f7-b7 hi:¥fe;-fl:Sff2 1 0 2CDiliiJXh 
1. 1 xy-tOUffcOlSiSajf 7-fe-y htcOiSSMa^rff 

<J:v^T\ «»S52 2 0 2*i, ii»^2 2 0 icOHi:*] 
^: l^^mb<^m%mmin\'\ fJS§52 2 0 3*^';>c'h 

•y^2 10 3^Mffll-rSo 

[0164] zcoi: 0 (c, ^Higcoj^Stc iiiti', 

mmm^^y-t-y hmbi >-y^'Ji-m(r>Mm.m^y-t 
I.. 

[0165] {mmmm 1 7 > *^BBioiisfec?)fl?® 1 

7 tfi^i. o F D MSfisBJi, mmcomm 1 6 tif^i. o 

FDMgfigat|5l«cOffi)«$:WU. fIt$iJffll|BlSStfe 
[0 166] OT, 02 3at;f024^ffll^-C, 

(T^mmizi^ § o F D MSfi^Bicot ^TUiBj-ti. , n 2 

3 (i, *^9J«^Sfic0ff^® 1 7 IC^I, O F D MSfi^S 
CO«l««)St^S^-fSgl57'o-y^'|l-eS)0, 024{1, * 

^mcomm<7)mm 1 7 (cisi. o f d u^mmmcomm 
smm^m&ir^tm^y^ y^mx'hh. tea. m 
4>. mmmms b^mmmzitmn^mi, m 

[0167] mm<^Bm 1 ex-mKfzmmmi,zmi 
L ^ V mti^-MX'h h b . m^^mm ^\mfX'i,m 

j!fefS:^r7-fe yh^ai^S5r(ST$*S®Ht^0, 018 

s'umm^tcm^yx'\,im:&Mim< thmmb tch 

imtL\.K ifm.(nBmx'\,i. mx.i.i±A-^-m<r>t^ 
i-^fi^ifttt. ws:mkzmtxwmizm\^i>. zzx- 
mm&mi. m&mmebmmizw.mm^ff)mmmi 
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CO 1 68] ll2 3{Cfcl^-C, mn^2 3 0 Hi, 

^mmx'hi. z<r>mmmmmm2i o i i,zx:h 

[0 1 69] @24{CfcV^-C, ;^-f ^^-24 0 1^, f) 

^f52 3 0 2coii!,f]X'hi^Wi&mmzX'yxum^ 

V ^ V ^:^iO(if$) I, L ^ V ^ffl A ^iii^^ 2 2 0 

2^a3^i ls]^fp®^^^^^'5^^•^(i/J^§ ^^:^c7)^i■r' 
$)S L^v^liB*iji»§J2 2 0 2^aj:^]§iil.. 
[0170] C<0J: 0 (c- *lltfecOffMt iiitf. 

^ t J: 0 , ^Sfiom® 1 6 J: 0 t)l&8!cjr 7-fe 7 hm 

[0171] lit^-^-fixcnmmimmx'i^, '^rnm^cr) 

[0 172] 

[Hffic^^^'SriSHS] 

[01] *l&Bflc7)||||fitfDfg.^ 1 {cf^i, O F D M^fig-S 

[021 imm(7)m.mm i c^a o f d m^^^s 

[04 ] *f&B§£7)||Sgc7)ff^® 2 (Cf^l. O F D MSft^M 
[05 ] *^HHc0Wfi(7)S?g2tc(^^f4ffitB$6i)*S-C- 
57 

[06 ] :*:5f6Dflc;)^Jfi£OS?S2lCfSI,SJ§Jll«|§Oli 
B&fl|{i!t$:*-rS?SI57'n.y^'0 
[07 ] *%Hfl£7)^SgcotfM2(::fSl.fifflttfR4jS«SO 

[08] *f|BBcO|li[6c?)J^® 3 t:f^ I. O F D M^fi^S 

[09] ^w^mmmmA kzmoFD m^mmm. 



[0101 *%BBcO|ISSc^m® 5 tC(^^ O F D MgfiiS 
SO«tB&ffl(gS: jn-f SSBT'o .y 0 
[0111 *%Bfl<:0|lifi<7)}e®6lCf^SOFDMgftg 

a«iiB&fli)S5r*-rsa57^D -y^m 

[01 2 1 *f6BfliO|?«ficr)J^»7{;f|-SOFDM^ft^ 

a^ffB&ffifigsr^-rsgpT-D y ^0 

[01 31 *f6Bflc^^Mc7)ff^»8lCfS€.OFDM^(l§| 

[014] ^m^mmmmmm 9 tK^i. o f d MSft^ 

[015] *^Bflci0^i£«ff^!l 1 0 CCiJ^I. O F D M^ti 

mm.(r>m^mm.i^wmy\^ y ^ 0 
[0161 :^^mcommmm 1 u^fii. o f d Mgft 

[0 1 7 1 :^%m(7)mmcomm 1 2 ccfsi. o f d MSft 

[0 1 8 1 ^wMcomwcomm 1 3 tcf«i> o f d Mgft 

[019] ^%m(r>mmcr)mm 1 4 tci^i. o f d MSft 

[0201 Wfl(7)^J|<7)}g.^ 1 5 tCf* I. O F D Mgfl 

[02 1 1 ^%m<r>mm(r)mmi 6tc^i,oFDM^fi 

^SOltBSm^^-rSSByo y 70 

[022] WJWHificOJg® 1 6 O F D M^fi 
gB<OSiJSPlIIS5«ilB&ffl^S:^-rSg|57'n -y 70 

[023] *%Bflcr)^MC0?^® 1 7 tCfll. O F D MSd 
^S(7)WB&1i«^7S-tgai7'o 7 70 

[0 2 4 1 *l|BBcO^)5fi^0Jgffi 1 7 ICfSI. O F D Mgfi 
JISiO$iJffll|5IK^1|{B&fl|^2:*-rgia57'n >y 70 

[025] m^<nO F D M^ft^ac?)«tB&fl|jSS:^^-rS 
g|57'ov70 

[02 6] OFDM^r5C<50iE||afltCfcftl>7W-A7 

1 0 1 ilJc^gtS 

106 FFTSSS 

107 m.wm 
108 

109 (iffitt^fitlSSs 
112 I^SSg 

20 1, 2 02 je>rtfI<5|iiiS| 

2 04 m^¥(m 

20 5 ^«i§5 

4 0 1 

AO 2 -mimu 

607 2h'-yh>'7NSg 
6 08 3t*vK>'7hg| 

8 0 1 ^mt^ 
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